In this paper the spin transparency condition for the arc is discussed. In such a spin-transparency condition it must be taken into account that the spins are depolarized by the sequence of quadrupoles and bending magnets.
It will be shown in this paper that spin-transparency in an imperfect machine (a real machine with all sorts of errors) can be approximately achieved when some Fourier-harmonics in the particle trajectories are minimized.
?
In more detail it is shown that -the strength of the Q resonance is connected to harmonics in the closed s orbit and the dispersion orbit -the strenqth of the Q resonance to harmonics in the closed orbit x -the strength of the resonance to harmonics in the betatron-trajectories.
As a consequence three different corrections have to be applied to compensate the resonance effects and to make the arc spin-transparent:
-Eight correction dipoles can compensate the harmonics of the vertical closed orbit. This cure reduces the strenqth of the Q and the Q resox s nances. The scheme was both simulated and experimentally tested in the storage ring PETRA /6/.
-The vertical dispersion is in general strongly influenced by asymmetric beam bumps in the interaction regions. Moving these bumps in an intelli gent manner the depolarizing effects caused by synchrotron resonances are reduced by reducing the strength of some harmonics of the dispersion.
-Resonances driven by vertical oscillations can be compensated with the help of eight quadrupoles. These quadrupoles are used in a similar way as the correction coils for the Q^^-resonance compensation.
Numerical calculations using the SLIM program /7/ demonstrate that the applied compensation optimizes the degree of polarization from less than 30 ? o up to more than 80 ?o. The calculations are done for the storage ring PETRA in an optics currently used as a luminosity optics.
The polarizing and the depolarizing effects
The polarization of an electron beam in a storage ring is built up by the so-called Sokolov-Ternov effect. The spin of a particle can flip when the particle emits synchrotron radiation in a magnetic field. The probability of a spin-flip in one direction is higher than the probability in the other. For electrons the polarization is built up in the direction opposite to the magnetic field /8/. The maximum degree of polarization in a plane, perfect storage ring is 92.4 %. In the following it will be explained that depolarization occurs when the direction opposite to the deflecting field and the spin direction do not coincide. The deviation of the spins from this direction is caused by machine imperfections, vertically deflecting magnets, and longitudinal magnetic fields.
The first depolarizing mechanism is caused by a reduction of the effectiveness of the So.kolov-Ternov effect. To explain this it is assumed that an electron travels on the closed orbit. The closed orbit shall deviate from the ideal plane closed orbit due to vertically deflecting magnets and field and alignment errors of magnets. The second depolarizing mechanism is caused by the emission of synchrotron radiation. After the emission of a photon the electron moves in a complicated way around the closed-orbit. The fields acting on the particle can be divided into two parts:
< * > describes the periodic field on the closed orbit and oj describes the co aperiodic perturbation. Due to radiation damping a) (t) becomes small after several damping times. The spin of a particle, paralled to n before emission, points after the damping into the direction n + 6s. The polarization is reduced proportional to | 6s|2 due to the above mentioned fact that only the component along ft can survive /I1/. 3 This depolarizing mechanism excites the depolarizing resonances and is the main limitation for the polarization in a storage ring.
In a machine without strong vertical deflections or longitudinal fields both depolarizing effects have a common cause. The spin is rotated in the arcs away from the direction of the bending field. The reason for this rotation is described in the following.
In the arcs the spins are subsequently rotated by the bending magnets and the quadrupoles .The bending field rotates the spin around the vertical (z-axis) with an angle yaa, the deflection angle times the spin tune (fig.
2).
AZ' * z r -z 2'
spin rotation around X with the angle • AZ'
Fig. 2
Spin rotation in the arcs The vector 6s is combined by the eigenvectors of the BMT-equation (eq. 2) n,q, q* vi/ith unknou/n coefficients :
If o)(s) is small compared to a is equal to zero, b can be calculated as
6s|2 is given by |fis|2 bb* ( t+°°) (6)
The Strength of the Q_-Resonance
After the emission of a photon the electron performs inter alia vertical beta tron oscillations. To calculate the resonance strength b, u) (t) is calculated first. Then it will be shown that the integral b (eq. 6) can be expressed as a product of a ring-periodic integral and a resonance factor. The reference frame is given in fig. 3 .
We assume an electron moving on the (nominal) closed orbit with nominal energy. After the emission of a photon, the electron has lost the energy 6e.
The emission of the electron changes the direction of 'the electron. Firstly, the recoil of the photon changes the direction by a small angle of the order 1/y. Secondly, if the vertical dispersion at the point of emission is not zero the electron starts to perform betatron oscillations around the off-energy closed orbit ( fig. 4 ).
The distance of the electron from the nominal closed orbit is given by:
,/ -t/T 6z(t) = 6zn (t) e Tz + 6e cosy (t) D (s) e is the product betu/een the gradient and the position:
B is inserted into uj(t) using the expression for 6z from eg. (8) : OJ(t) = C (l+ay)k(s){6zfi(t) e t^Tz ey + 5ecosys (t) D (t) e t^Ts} (11) The following calculation for the strength of the Q^-resonance takes into account only the first part in the brackets :
The second term in the brackets leading to Q^-resonances is discussed in the following chapter. '
This expression for oo(t) is inserted into b (eq. 6). It is shown in the appendix A that : -2ïïi(ay ±Q )
r-
The influence of the synchrotron resonances on the depolarization is given by 2 terms: a contribution from the vertical motion is explained in eq. (11):
_t/Ts ôzn = 6e cosY' (t) D (s) e U s Z and an analogous contribution from the horizontal motion :
The disturbing field oe(t) = (ya+1) (e 6zQ k(s) -e^ôxp k(s)): (Fig. 6) . The eight v e rtic a l co rre ction dipoles are in s ta lle d in the octants at symmetric p o sitio n s. I f dipole 1 is turned on the v e rtic a l closed o r b it gets a kick ¿¡1 * 6z becomes /6 / : T he deviation of the n-vector from the v e rtic a l can be reduced by th is method by a factor in the order of 10. The closed o rb it it s e lf changes only s lig h tly . The improvement o f the degree o f p o la riz a tio n using th is method is shou/n in fig . 50 .
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For th is method the ring symmetry is used in the fo llo w in g way. A machine w ith four id e n tic a l quadrants is assumed ( i.e . PETRA or HERA). Each quadrant is m irror-sym m etric w ith respect to its middle axis
/Q (s ) 6 (s ) 6z(s) = --------------------------cos ( (s) -V" (s ) | -ttQ ) 6 (21)
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Compensation of the Depolarizing Effects Caused by the Vertical Dispersion
The vertical dispersion is for the most part produced by closed orbit deviations in the strong interaction quadrupoles. The vertical dispersion contributes to the strength of the Q^-resonance. The dispersion can be reduced by correcting the closed orbit in the interaction region in the following u/ay:
With correction dipoles it is possible to minimize the deviation of the vertical closed orbit along the interaction region without changing the orbit in the arcs and, as a consequence, the n axis. This correction reduces the vertical dispersion and improves the degree of polarization ( fig. 5B ).
Beside this evident method a more sophisticated method will be derived in the following by compensating the dangerous Fourier-harmonics of the dispersion.
The depolarization strength of the Q^-resonance driven by vertical dispersion is : s+L The integration is performed from the end of bending magnet i to the next one.
is the change in the angle of the sine-and cosine-like beta tron trajectory between the two bending magnets (fig. 2 ).
The coefficients a and b can be written as a sum: This was done for the correction of the resonance ya= 24+Q (see fig. 10 ).
Appendix 13: Table 1 Fourier amplitudes of 8 correction coils at symmetric positions.
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-b. 1 Table 2: A correction scheme were only one of eight Fourier coefficients is influen ced. The magnitudes are defined in the previous table. Compensation of Fourier components of the betatron motion by quadrupoles at symmetric positions.
The current change of the first quadrupole is denoted u/ith A, B, C etc. An+2
